Introduction
Infectious diseases account for millions of school-days lost each year among kindergarteners; for instance, kindergarteners with flu missed approximately 38 million school-days each year in the United States. 1 Many studies have been conducted to find ways to minimize the loss, and frequent hand hygiene has been found effective in preventing the spread of infectious organisms 2 and it remains the most important defense against diseases. 3 A recent study Or et al 4 on kindergarteners demonstrated an improvement in their hand hygiene routine markedly after receiving training. Before average percentage of colored areas before handwashing were 87.7% on both hands and they paid more attention to wash those frequently missed areas of hand (such as backs of the hands) with the 7-step hand hygiene technique. However, the efficacy of this preventive measure requires active participation of kindergarteners and their parents in health-related activities. Leventhal et al 5 suggested that parents' own understanding of illnesses influenced the way they responded to the illnesses and thereby affected their children's behavior and development. As family members, parents and children influence one another through their daily interactions. Positive parenting interventions have potential beneficial effects on children leading to improve child behavioral outcomes and empower parents to develop better daily routines that encourage children to carry out healthrelated activities that might otherwise be resisted. 6 Parenting plays a pivotal role in child development. Previous research showed a positive relationship between parents' health practices and their children's health behavior. 7, 8 This highlights the importance of parental health education. Positive parenting is said to happen when parents create nurturing environments and guide their children to live more healthily. 9 Usually these are the parents who have better knowledge and skills to shape their children's healthy lifestyle. In the study by Lam et al, 10 parents were found to have inadequate knowledge, skills, and practices related to seasonal flu prevention. One reason was that few channels were available for parents to access health information. 10, 11 They, therefore, did not use any specific method to guide their children's health practices. 8 Besides, they could not count on existing health promotion services and facilities because these were merely for specific groups of people such as the elderly and young children. 10, 11 Thus, strengthening the health literacy of parents in seasonal flu prevention can facilitate positive parenting to improve their children's health outcomes in this regard. 12 The study by Lam et al 10 showed that inadequate knowledge and skills in flu prevention resulted in parents not being actively involved in practices during seasonal flu outbreaks. This brings forth the need to train parents. Providing suitable training in flu prevention to parents will empower them to work with their kindergarteners to avoid falling ill when a flu pandemic breaks out. This parent-child partnership engages parents actively in health promotion and is clearly welcomed by parents, as it was found in some studies that parents did voice their willingness to be involved in their children's health promotion activities with health care promoters. 11 Since parents are the best promoter of health education to their children, 13 engaging parents will help develop strategically to elicit positive health behavioral changes in children.
In another study, Song et al 14 found that parent-child bonding and shared time were significantly correlated with children's thoroughness of hand hygiene practice, which is an important measure to prevent the spread of infectious diseases among kindergarteners from minimizing school days lost (school absenteeism). Based on this finding, the first step in achieving good hand hygiene practice was to assist parents to learn the required 7-step handwashing procedure so that they could instruct their children with clarity and quality information 8 at home if needed. Positive parentchild communication was identified as a contributory factor to an effective health practice learning. 8 Hence, parental influence on children's hand hygiene practice is worth exploring to see whether both parents and kindergarteners with good hand hygiene skills can help reduce the spread of infectious diseases among kindergarteners, and thus eventually reduce the school absenteeism. To this end, our study aimed to investigate if there was any correlation between the flu infection among parents and their kindergarteners and ascertain the effectiveness of using hand hygiene interventions in kindergartens to lower kindergarteners' absenteeism attributable to seasonal flu.
Methods

Participants
This study adopted a quasi-experimental study with a pretest-posttest design. Fifteen kindergartens were randomly selected from the kindergarten lists in different districts on the Hong Kong government website. The target participants were kindergarteners aged 5 to 6 years and their parents. Letters were sent to the principals of 15 kindergartens in Hong Kong to invite their kindergarteners (K3) and their parents to participate. Ethics approval was obtained from the Human Research Ethics Committee of the university (2014-2015-0357). At the start of the study, the study objectives and procedures were clearly explained to all participants. The parents were informed that they had every right to withdraw from the study at any time without any negative consequences. The principals of the kindergartens, parents, and their kindergarteners enrolled to participate in this study after providing their informed consent.
Intervention
The structured hand hygiene program used in this study was designed by our research team in our prior study 4 based on the guidelines of the World Health Organization (WHO) and the Centers for Disease Control and Prevention. We adopted the same training program for kindergarteners and add one session for parents. For the kindergarteners, there were 4 sessions, 1 session per week for 4 consecutive weeks, with each session lasting 45 minutes. Parents attended a separate session lasting for an hour. In the sessions the instructor was an infection control nurse who explained common infectious diseases in kindergarteners (eg, flu, and hand, foot, and mouth disease), personal hygiene (proper mask wearing and removed, 7-step hand hygiene technique), and hygiene in kindergarten and household scenarios. To evaluate the effect of the program, both the participating kindergarteners and parents were required to answer 10 true-or-false questions in a questionnaire on hand hygiene knowledge (eg, "There are 7 steps for proper hand hygiene." True or false?) before and after the hand hygiene program. For the completion of the questionnaire, the research assistant explained the answers clearly to the kindergarteners. The questionnaire was used to assess the hand hygiene knowledge of the participants. Its content validity was affirmed by a panel of 3 experts, its test-retest reliability was obtained by inviting 5 kindergarten teachers and 5 kindergarteners who were not involved in this study to complete the questionnaire. The scale-level content validity index was 0.86, and hence content validity was established. For the test-retest reliability, the Pearson correlation coefficient was 0.75, indicating a good correlation between the 2 measurements.
Tools
To reveal their hand hygiene skills, the participants were required to perform hand hygiene techniques with the help of a fluorescent stain gel (Brevis Corporation, South Salt Lake City, UT) as the germ tracker. A small amount (3 mL) of fluorescent stain gel was applied to the parents or kindergarteners' palms, which were subsequently rubbed together until both hands were covered with the gel. Then they were asked to wash their hands with soap and water. In the process, pictures of the participants' hands were taken, before and after handwashing. The colored stain on their hands was only visible through the use of an ultraviolet lamp. The percentage of their hands (backs and palms) with color were computed by ImageJ software (http://imagej.nih.gov/ij/ docs/index.html) to assess their handwashing skills in 2 steps: (1) before handwashing and (2) after handwashing. Before handwashing, the higher the percentage of colored areas on the parent and their kindergarteners' hands, the more thoroughly they had rubbed their hands with the gel. After handwashing, the colored (dirty) areas on their hands represented the parts they missed in washing. The lower the percentage of the hands with colored (dirty) areas, the better was their hand hygiene performance. The handwashing process was done twice for each participant, once before the program and the other after the program.
Outcomes
A self-reporting instrument was adopted from the Parent-Child Relationship Schema Scale (PCRSS), 15 
composed of items like what parents should do for kindergarteners; what kindergarteners should do for parents;
and what parents and kindergarteners should do together. PCRSS score have a minimum score of 25 and a maximum score of 125. Higher total scores indicate strong parenting. To ensure simplicity and clarity to the kindergarteners, the research team went through the instructions and questions with them in great detail so that they could complete the self-report. The parents were asked to complete the PCRSS on their own. They were also requested to record any flu signs and symptoms in their kindergarteners' health logbooks for 3 consecutive months (ie, 1 month before to a month after the program), which were considered here as evidences of hand hygiene compliance and behavioral change of the kindergarteners. During the same period, absences by the kindergarteners were recorded in a standardized absentee form with the help of the administrative staff of the kindergartens. Data to be recorded in the form included name of the kindergartener, date of absence, and the reason for their absence (eg, with flu symptoms like fever, cough, sore throat, runny nose, muscle pain, fatigue, headache, diarrhea, and vomiting). These symptoms were those stipulated in the guidelines issued by the Centre for Health Protection. From the collected data, the absentee rates for the participating preschoolers were ascertained. For these 3 months, the parents were asked to submit weekly reports on any flu symptoms of their participating kindergarteners, which would be used for the compilation of an index of hand hygiene compliance and behavioral change. These flu symptoms were then collated with their sick leave records for further analysis by the research team. Besides, supplementary information was also provided by vigilant teachers on the hand hygiene of these kindergarteners after toileting within this period. One outcome measure of the study was the change in the participants' hand hygiene skills.
Statistical Analysis
Student's t test for continuous variables was used to examine the change in their hand hygiene skills before and after the intervention. In addition, McNemar test was performed to examine the performance of hand hygiene knowledge before and after the intervention. Also, Pearson correlation analysis was used to investigate the relationship between the seasonal flu infection of the parents and their kindergarteners in the period. For all tests in this study, the statistical significance was set at P < .05.
Results
A total of 58 parents joined the study and 2 grandparents were treated as parents for simplicity. Of these, 2 parents who have 2 kindergarteners participated in the study. The sample had a sex distribution of 4 (6.9%) males and 54 (93.1%) females. The demographic information of the participants is shown in Table 1 .
For the hand hygiene knowledge test, the percentage of parents who answered correctly the question on the 7-step hand hygiene technique increased by 6.8% before the program to 79.5% (McNemar test, P < .001). For the hand hygiene skills test, the parts of the hands that were not properly washed before the intervention were back of hands, back of fingers, thumbs, and wrists. After the program, the percentages of the properly washed areas on both hands increased significantly, in particular the wrists from 0.5% to 82% (paired-sample t test with P < .001). The level of significance level was set at P < .05.
As for handwashing compliance, the parents and kindergarteners were asked whether they cleaned their hands according to the "Five Moments for Hand Hygiene" developed by the WHO. Before the program intervention, more than 85% of the kindergarteners reported that they washed their hands in all moments of hand hygiene opportunities. Quite surprisingly, their parents had lower percentages of handwashing compliance in all the moments except for handwashing after toilet use. Table 2 shows the 6 questions on the handwashing moments. After the program, 27% more kindergarteners showed concern about the hand hygiene behavior of the people around them, especially their parents.
Our findings showed that the kindergarteners' absence rates owing to flu had decreased in each of the 3 months, from 21.5% (before intervention) to 15.5% (during intervention) and then to 12% (after intervention), showing a decreasing trend over the 3 months in all participating kindergartens. It was found that in one kindergarten, there was almost a 30% decline even though there was an increase in local flu activity from October 2016 to February 2017 in Hong Kong 16 covering the study period. A repeated-measures analysis of variance was performed to compare the kindergarteners' absence rates over the 3-month period. There was a significant difference over the 3 months with F(2, 58) = 34.65, P < .001.
Regarding the performance of their posttest hand hygiene skill, the kindergarteners were classified into 3 groups. The lowest group were those who obtained 0 to 83.82 marks in the posttest, while the middle group got 83.83 to 96.99 marks, and the highest group scored 97.00 to 100.00 marks.
The total PCRSS score of 95 or higher was classified as strong parenting. In the month following the program, the kindergarteners who had better hand hygiene compliance with positive parenting at home showed fewer recorded flulike signs and symptoms than before the intervention, fewer cases of recorded flu-like signs and symptoms in the same month than their parents as shown in Table 3 . Also, in that month, the kindergarteners with positive parenting were comparatively less infected by their family members than those with negative parenting. On the whole, both the kindergarteners and their parents showed fewer flu-like signs and symptoms after the intervention. With Pearson correlation analysis, it was found that parenting and kindergarteners hand hygiene compliance was significant with P = .005.
Discussion
Most previous studies [17] [18] [19] [20] have focused on parenting outcomes relating to kindergarteners' mental health or risk behaviors. Limited studies were done on physical health. There was one study which reported that low parental literacy could adversely influence hygiene practice among school children 21 because parents, in most cases, were primary caretakers at home and taught their kindergarteners proper hygiene practices. 22 In this study, it was found that significant relationships existed between parenting, hand hygiene compliance, and absenteeism. After the intervention, the kindergarteners with positive parenting were found to have fewer recorded flu-like signs and symptoms.
Regarding the kindergarteners' handwashing habits, there was a discrepancy between the parents' reported observation and the kindergarteners' self-reporting. The parents, in general, underestimated their kindergarteners' awareness of handwashing before the program. Our findings are similar to those of Song et al 14 and Pesu et al. 23 A possible explanation for this discrepancy is that the parents' attention on handwashing practices was relatively low and therefore, they neither use nor teach these practices to their kindergarteners. Another possible explanation may be due to reporting biases, with kindergarteners tending to report socially desirable answers more frequently than their parents. 24, 25 With regard to the kindergarteners' performance, the divergence in views between the parents and their kindergartener is similar to some of the studies done on kindergarteners with chronic illnesses like cancer but not on healthy kindergarteners. [26] [27] [28] After the program, the kindergarteners shared what they had learnt with their parents. The parents then started to pay more attention to proper handwashing. It was found that there were more common topics for conversations between them following the program, which bonded their relationship even more. Coincidentally, there was a substantial decline in illness-related absenteeism in the participating kindergartens after the program. It was plausible that increased communication between parents and kindergarteners did foster the kindergarteners' physical health. The highest hand hygiene compliance group of kindergarteners (97.00 to 100 marks).
